Abstract. RIPL-2 is a comprehensive library of input parameters for theoretical modeling of nuclear reactions developed under the IAEA Coordinated Research Project and released in May 2003. It contains extensive compilation of physical quantities that are necessary for calculation of nuclear reactions including nuclear masses, deformations, level schemes, optical-model potentials, level densities, gamma-strength functions, and fission barriers. Contents of the RIPL-2 library, data testing, and data retrieval from the IAEA Website is briefly reviewed.
INTRODUCTION
An important trend in the evaluation of neutron and charged-particle nuclear data is the increased use of nuclear-reaction theory codes to compute cross sections, spectra, and angular distributions required for a large variety of applications. Use of model codes offers many advantages, such as preservation of the energy balance and coherence of partial and total cross sections that are essential for consistency and reliability. In addition, the theoretical approach permits the prediction of data for unstable nuclei and fills gaps in the experimental data. Over time, the theoretical understanding of nuclear phenomena has reached a high degree of reliability, and nuclear modeling has become standard practice in nucleardata evaluations (with measurements remaining critical for data testing and benchmarking). The major sources of uncertainty are the numerous input parameters needed to perform theoretical calculations.
The IAEA has undertaken an extensive co-ordinated effort to develop a library of evaluated and tested nuclearmodel input parameters. Considering that such a task is so immense, it was decided to proceed in two major steps. First, to summarize the present knowledge on input parameters and to develop a single Starter File of inputmodel parameters, and then to focus on testing, validating, and improving the Starter File.
The first step was addressed through the IAEA Coordinated Research Project (CRP) entitled Development of Reference Input Parameter Library for Nuclear Model Calculations of Nuclear Data (RIPL-1), initiated in 1994 and completed successfully in 1997. The electronic Starter File (known as RIPL-1) was developed and made available to users [1] . The second step followed immediately afterward within the CRP RIPL-2 resulted in the revision and extension of the original RIPL-1 Starter File to produce a consistent RIPL-2 library containing numerical values for most of the parameters needed to model nuclear reactions and a number of computer codes. Often, these parameters are supplemented with closed-form systematics to fill gaps in the experimental data. Since these systematics were obtained by fitting existing data, their extrapolation to the nuclei far from the stability line is doubtful. Therefore, RIPL-2 also contains parameters and some derived quantities provided by the large-scale calculations within microscopic models adjusted to the existing experimental data. These results are tabulated for practically all nuclei between the drip lines and can be directly used by nuclear-reaction codes. All data are stored in a unified format to facilitate their use.
The RIPL-2 library is physically located at the Web server operated by the IAEA Nuclear Data Section, and can be accessed at www-nds.iaea.org/RIPL-2/. In addition to downloads and retrievals, some basic calculations (see Fig. 1 ) and graphical comparisons of parameters are also available. A CD-ROM with the complete RIPL-2 li- 
MASSES
RIPL-2 provides ground-state properties predicted by three global models: the Finite-Range Droplet Model (FRDM), the Hartree-Fock-Bogoliubov Model (HFB), and the approximation to the Shell Model by Duflo and Zuker. In addition to nuclear masses, the FRDM model also provides microscopic corrections and deformation parameters, while the HFB model provides density distributions and deformation parameters. Isotopic abundances for all stable nuclei found naturally on earth are also provided as supplementary information.
LEVELS
Discrete levels and their decay characteristics are required as input for nuclear-reaction calculations, which replace the statistical-level densities and strength functions below a certain energy E max . Most of the data were extracted from the ENSDF library. However, many missing data such as unique spins and parities were inferred using statistical methods, while missing internal conversion coefficients (ICC) and electromagnetic-decay probabilities were calculated. This brings the number of ICCs in RIPL-2 to 92634 compared to 21595 in ENSDF. In addition, cutoff energies E max for completeness of level schemes and spin-cutoff parameters have been determined for a large number of nuclei. The latter data have been collected in a separate data file, together with the results obtained from a constant-temperature fit to the nuclear-level schemes. These results constitute important input for prediction of level densities in the continuum.
RESONANCE PARAMETERS
Parameters required for statistical-model calculations are neutron-strength functions, average radiative widths, and the average spacing of resonances. Average resonance parameters included in the recommended RIPL-1 file were tested and revised during RIPL-2. The differences between the recommended and alternative files in RIPL-1 were analyzed and RIPL-2 data were corrected for some nuclei. The total number of nuclei has been extended to 297. Along with the data for the s-wave neutron resonances, the evaluations of the average parameters for the p-wave resonances have been added to the RIPL-2 library.
OPTICAL-MODEL PARAMETERS
The OMP library is organized in two parts: an archival file and a user file. The archival file contains all potentials totaling some 533 entries; the user file is a subset of the archival file and contains 406 potentials. Available files include a library of phenomenological optical-model potentials (OMP) for incident neutrons, protons, deuterons, tritons, 3 He and 4 He particles; a microscopic opticalmodel code for incident nucleons; several retrieval and utility codes for accessing the OMP library; a definition of the format of the OMP library; and user information for the various codes. Global as well as nuclide-specific potentials are included that utilize spherical, vibrational, dispersive, and rotational models.
In particular, the RIPL-2 OMP library contains 33 neutron and 8 proton coupled-channel potentials for ground-state rotational bands. These potentials have been necessarily developed for more the limited target Z and A ranges, as they are dependent upon the structure of each target nucleus. For incident neutrons, the targets include 151 153 Eu, 165 Ho, 169 Tm, 182 186 W, 185 187 Re, 197Au, and a number of actinides between 232 Th and 252 Cf. In each case, the structure information is provided in the OMP library for the target nuclei for which the potential was determined.
The OMP are stored in the format developed for RIPL-2. This allows parameterizations for spherical, coupledchannel rotational, vibrational, and non-axial deformed optical models. Potentials may be relativistic or nonrelativistic, dispersive or non-dispersive. The format allows for inclusion of structure data for coupled-channel rotational, vibrational, and non-axial deformed models.
LEVEL DENSITIES
For any application of the statistical theory of nuclear reactions, the parameters describing the level density must be obtained from reliable experimental data. Both the cumulative numbers of low-lying levels and the average spacings of neutron resonances are normally used for this purpose. The level-density parameters fitted to such data were compiled in RIPL-1 for the three models most frequently used in practical calculations: i) the Gilbert-Cameron approach, which combines the constant-temperature model for low-excitation energies and the Fermi-gas model at high energies; ii) the backshifted Fermi-gas model; iii) the generalized superfluid model, which considers the shell, pairing, and collective effects.
During the development of RIPL-2, the previously recommended data were tested and revised on the basis of the updated evaluations of the neutron-resonance spacings and the low-lying level systematics. Revised parameter sets were obtained for all three models (e.g., see Fig. 2 showing parameters for the generalized superfluid model). Furthermore, systematics of the level-density parameters were developed and recommended for leveldensity calculations involving nuclei with no experimental data on resonance spacings or low-energy level densities.
RIPL-2 contains results of microscopic calculations of nuclear level densities based on the HFBCS model. This model takes into account shell, pairing, and blocking effects, deformation effects in the single-particle spectra, collective enhancement of level densities at lowexcitation energies, and its damping at high excitations. Corresponding tables of level densities for about 8000 nuclei are provided. The codes and single-particle level schemes for the microscopic calculations of nuclear level densities are also given. For many preequilibrium calculations, the phenomenological models included in Avrigeanu's code are supposed to be adequate. The general formula derived by De and Hua, which includes pairing corrections, binding energy, and finite potential depth constraints, and a precise treatment of the Pauli-exclusion principle is recommended. However, the limitations of such partial level-density predictions should be kept in mind, especially considering the uncertainties in our understanding of pre-equilibrium reaction mechanisms.
γ-STRENGTH FUNCTIONS
RIPL-2 reviewed methods and related parameters for modeling γ-ray cascades in highly excited nuclei. This assessment includes experimental radiative-strength functions, Giant Resonance parameters, and various means of calculating γ-ray strength functions in excited nuclei. Emphasis has been placed on the E1 γ-transitions, which tend to dominate nuclear reactions. Recent analytical expressions for the dipole transition γ-ray strength functions provide reasonably reliable results over a relatively wide range of γ-ray energies. The overall comparison between various models and experimental data showed that the Modified Lorentzian (MLO) model developed by Plujko and the GFL ap- proach formulated by Mughabghab provide the most reliable methods for determining the E1 γ-ray strength functions over a relatively wide energy interval ranging from zero to above the GDR peak.
In addition, RIPL-2 contains tabulated dipole γ-ray strength functions and Giant Dipole Resonance parameters that result from extensive microscopic calculations conducted within the quasi-particle random-phaseapproximation (QRPA) using realistic Skyrme interaction. This global calculation predicts GDR in close agreement with experimental data, i.e., rms deviation of the predictions from measurements of 84 nuclides is only about 300 keV. The final E1 strength functions obtained by folding the QRPA strengths with a Lorentzian function also reproduce satisfactorily the photo-absorption as well as the average resonance-capture data at low energies. These calculations have been performed for all 8 Z 110 nuclei lying between the two drip lines. QRPA distributions in the neutron-deficient region, as well as along the valley of β -stability, are very close to a Lorentzian profile in the MLO model. However, significant departures from the Lorentzian are found for neutron-rich nuclei as shown in Fig. 3 .
The most extensive compilation of experimental γ-ray strength functions has been prepared by Kopecky for RIPL-1. These data were reformatted and adopted for RIPL-2.
NUCLEAR FISSION
A set of fission barriers and the corresponding nuclear level densities have been generated for various applications. Accurate level densities are prescribed within GSM for reactor-physics studies. Since fission level densities and barrier parameters are strongly interdependent, the corresponding set of parameters for both the inner and outer fission barriers has also been provided. Some specific applications, such as accelerator-driven systems and stellar nucleosynthesis, require a knowledge of large numbers of fission barriers and level densities to estimate spontaneous as well as neutron-induced or β -delayed fission probabilities. Hence, the present compilation includes fission barriers for 2301 nuclei with 78 Z 120 derived by means of the ETFSI method, and the corresponding level densities at both saddle-point deformations predicted by the microscopic model based on HF-BCS single-particle properties.
CONCLUSIONS
RIPL-2 is a comprehensive, validated library that satisfies most of the needs for input parameters required for modeling nuclear reactions up to about 100 MeV. It has been used as a default in recent nuclear-reaction codes such as EMPIRE, TALYS, and McGNASH. Although slight adjustments will always be needed in a detailed evaluation work, RIPL-2 provides very reasonable starting values and allows for large-scale calculations across the periodic table with no or minimal manual intervention.
Several important issues could not be addressed within the RIPL-2 project. Therefore, a third phase of RIPL was initiated in 2002 in order to extend the applicability of the library to cross sections for reactions on nuclei far from the stability line, incident energies beyond 100 MeV, and reactions induced by charged particles. This phase is planned for completion in 2006-07.
